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1. Introduction
A key to success for the planting of new trees, both 
in open-field nursery and in the urban environment, is the 
protection of young plants from non-crop plant species 
(including some hardwoods, shrubs, grasses, and forbs). 
These fast-growing plants often kill or greatly suppress 
desired trees by competing with them for light, water, and 
nutrients. As a result, nurserymen, arborists and urban 
forest managers generally use herbicides to suppress non-
crop vegetation.
However, the use of herbicides in the urban environ-
ment may be limited or even banned in certain countries 
and/or municipalities. As a consequence, to protect young 
trees, environmentally sound, effective, cost-efficient, and 
socially acceptable techniques for managing non-crop 
vegetation are needed.
In this scenario, we focused on the need for the es-
tablishment of environmentally friendly and low cost 
management methods for nurseries and urban green ar-
eas. Mulching and its skilled use can contribute to such a 
development by improving organic matter content in the 
soils and by affecting other soil characteristics (Harris et 
al., 2004). 
For tree management in the urban landscape, espe-
cially in the first years after planting, mulching with or-
ganic materials can be advantageous. Organic mulching 
with different materials (mainly shredded wood, chipped 
wood, pine bark and composted materials), when skill-
fully applied, is an environmentally friendly way of es-
tablishing, protecting and managing young trees at a low 
cost in a new plantation. A recent review compared the 
costs and benefits of landscape mulches as reported in 
the technical and scientific literature, underlining how 
plants and soil can both benefit in terms of weed sup-
pression, evaporation reduction and other environmental 
modifications (Chalker-Scott, 2007).
Even if mulching is a world-wide practise in urban 
green areas and different materials (as noted above) can 
be used for this purpose (Rakow, 1989), little research 
has been done in Italy to determine its effectiveness.
Positive effects following organic mulch application 
have been obtained in previous research, demonstrating 
beneficial effects on soil physical and chemical proper-
ties (Fraedrich and Ham, 1982; Litzow and Pellett, 1983; 
Watson, 1988; Appleton et al., 1990; Himelick and Wat-
son, 1990; Smith and Rakow, 1992; Iles and Dosmann, 
1999; Dahiya et al., 2007; Tiquina et al., 2007) and on 
plant growth and physiology (Watson, 1988; Green and 
Watson, 1989; Appleton et al., 1990; Himelick and Wat-
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son, 1990). However, sometimes the results from mulch-
ing are variable as they are affected by different environ-
mental conditions and different tree species (Whitcomb, 
1979; Iles and Dosmann, 1999). Moreover, if the quality 
of the mulching materials supplied by the producers is not 
satisfactory, tree performances can be affected in a nega-
tive way. This fact can be related either to quality or mis-
use, i.e adding too much material which can negatively 
affect soil oxygen content (Gilman and Grabosky, 2004; 
Hanslin et al., 2005), although Watson and Kupkowski 
(1991) found no detrimental effect from the application 
of 0.45 m  of wood chip mulch over soil in which the roots 
of trees were growing. The application of bark mulch can 
sometimes decrease growth in the first year, but the ef-
fects on plant growth are positive when examined in the 
long term (Samyn and de Vos, 2002). This can be due to a 
temporary nitrogen depression until the microorganisms 
are able to decompose a sufficient amount of organic ma-
terial to provide the needed nitrogen (Craul, 1992). In 
fact, although this temporary depression mainly affects 
the interface between mulch and soil, it has been shown 
that fine roots tend to grow into the organic mulch layer 
(Watson, 1988; Watson and Kupkowski, 1991), where N-
concentration is temporary depressed. 
As far the composted material as concerned, it has to 
be remarked that it needs to be well characterised for nu-
trient values, stability and other properties for the support 
of tree growth and effect against weeds. In a review of 
the use of composts for mulching and soil amendments, 
Sæbø and Ferrini (2006) suggest designing the composts 
to fit the specific effects that are wanted. For example 
composts for mulching should consist of layers of com-
post of different particle sizes, so that nutrients can be 
supplied and weeds are not given good germination con-
ditions.
The purpose of the present study was to investigate 
the use of mulching materials and their possible influ-
ence on growth and physiology of two shade tree spe-
cies widely grown in the urban environment. In addition, 
effects on soil respiration, soil temperature and water 
evaporation from soil were assessed in the second year 
of the experiments.
2. Materials and Methods
One hundred eighty uniform Acer campestre L. and 
180 Carpinus betulus L. two-year-old seedlings 1.20 m 
in height from container were planted in an experimen-
tal plot located in Pistoia (43°56’ N; 10°54’ E). Planting 
density was 1.80 m in-row and 2.50 m between rows. 
Mean temperature and rainfall over the last 50 years are 
14.3°C and 1257 mm/year respectively. However, during 
the years of the current experiment, a decrease in rain-
fall and an increase in mean temperatures were recorded: 
rainfall in the first and second year was 971 and 903 mm, 
respectively; while in both the first and second year, an 
extended dry period with no rainfall was recorded from 
early June to the end of July. Plants were irrigated the 
first year after planting to help establishment. From the 
second year no irrigation or fertilization were applied to 
plants.
After two years from planting, when trees had over-
come transplant phase, the experiment was started and 
the following thesis were compared: 1) weeding by her-
bicides using glyphosate twice a year (W); 2) natural 
grass cover, which was mechanically cut twice per year 
(G); 3) tillage by harrowing at a depth of 15 cm, once 
per year (T); and 4) in-row mulching with green compost 
(layer 5-10 cm thick and 1.5 m wide) and natural grass 
cover soil between the rows (M). The experimental de-
sign was a randomized complete block with six blocks 
and 30 plants per block.
The following year (three years after planting and one 
year after treatments), biometric and physiological anal-
yses were performed. Stem diameter was measured 5 cm 
above the root flare on all plants at the end of the growing 
season. At the same time shoot extension was determined 
on 10 shoots per plant on three plants per block (18 plants 
per treatment). During the growing season, leaf gas ex-
change was measured with an infrared gas analyzer (Ci-
ras-2, PP-System, New Hertfordshire, UK) on six leaves 
per block (36 leaves per treatment x species) twice during 
the first growing season and four times during the second. 
Measured parameters were net assimilation (A, µmol*m-
2*s-1) and transpiration (E, mmol*m-2*s-1). Measurements 
were taken between the hours 8.00 and 13.00 on the first 
fully expanded leaf from the shoot apex. Measurements 
were taken under fixed CO
2 
concentration (360 ppm) 
and saturating irradiance (1300 µmol*m-2*s-1) provided 
with a built-in red light emitting diode radiation source. 
Water Use Efficiency (WUE) was calculated as the ratio 
between A and E as described in a previous work (Fer-
rini et al., 2008). Leaf greenness index was determined 
in the second growing season with a Minolta SPAD-
meter (Spectrum Technologies, Plainfield, IL, USA) on 
six leaves per block (36 leaves per treatment x species). 
For each leaf, the SPAD value was obtained averaging 
three different measurements made in different points 
of the leaf blade. This parameter is a good indicator of 
leaf chlorophyll, N and carotenoid content (Percival et 
al., 2008). Chlorophyll fluorescence was measured three 
times in the second year with a portable plant efficiency 
analyzer HandyPea (Hansatech Ins., King’s Lynn, UK) 
on six leaves per block (36 leaves per treatment x spe-
cies). Fv/Fm values were obtained by placing leaves in 
darkness for 30 min by attaching light-exclusion clips to 
the leaf surface. Fv/Fm is the maximum quantum yield of 
the PSII and it is a reliable indicator of the occurrence of 
environmental stress (Maxwell and Johnson, 2000). Soil 
respiration and evaporation were measured with a soil 
respiration chamber (SRC, PP-System, New Hertford-
shire, UK) at a depth of 5 cm below soil surface. Mea-
surements were taken twice in July around midday on 
soil exposed to full sunlight (not shaded by the trees). At 
least 30 days had passed since the last remarkable rainfall 
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(Fig. 1). Four measurements per treatment per species 
and per replicate were made. Before measuring respira-
tion and evaporation, the mulch was removed from an 
area of about 25 cm2 and the chamber was placed on the 
soil beneath. After taking the measurements, mulch was 
spread again. Soil temperature was measured with a tem-
perature probe at a depth of 10 cm below soil surface four 
times per treatment per species and per replicate. 
All data were analyzed with GLM using the SPSS sta-
tistical package for Windows (SPSS Inc., Chicago, IL, 
USA). Effects of soil management technique and species 
were analyzed with a random model two-way ANOVA. 
When no significant interaction between factors was 
found, differences among soil management techniques 
were tested with Duncan’s multiple range test (P≤0.05 and 
P≤0.01). Parameters which showed significant interac-
tion between factors were plotted separately in order to 
compare each level of factor A (soil management) for each 
level of factor B (species) (Chew, 1976). Data on leaf gas 
exchange, Fv/Fm and soil parameters were analyzed per 
single sampling date, merged together and processed again 
to obtain an average value on annual basis. 
3. Results and Discussion
Mulching with compost (M) affected shoot growth 
of Acer campestre and Carpinus betulus (Table 1). Sig-
nificant interaction between species and soil management 
technique was found for shoot growth (Table 1). In the first 
year of measurements, mulched plants of both species had 
higher shoot growth than the other treatments (Table 2). 
In maple, no difference was found among treatments W 
(herbicide), T (tilling) and G (ground cover). In hornbeam, 
shoot growth was lower in G than in T and W. In the sec-
ond year, M Carpinus plants had greater shoot growth than 
W and T which, in turn, had longer shoots than G. In the 
second year, M and T Acer had greater shoot growth than 
W. Again, the shortest shoots were found in G maples. In 
the first year and second years, G plants had lower stem di-
Table 1 -  Summary table of Two-way ANOVA for the investigated parameters
Parameter Measurementunit Management technique Species Management x Species
Shoot growth (1 year) cm ** ** **
Shoot growth (2 year) (g) ** ** **
Stem diameter (1 year) (g) ** ns ns
Stem diameter (2 year) (g) ** ns ns
Leaf greenness index SPAD unit ** ** ns
Fv/Fm ** ns ns
A (1 year) μmol m-2 s-1 ** ** ns
A (2 year) μmol m-2 s-1 ** ** ns
E (1 year) mmol m-2 s-1 ns ** ns
E (2 year) mmol m-2 s-1 ** ** ns
WUE (1 year) μmol CO2/mmol H2O ns ns ns
WUE (2 year) μmol CO2/mmol H2O ** ** ns
Soil temperature (2nd year) ° C ** ns ns
Soil respiration (2nd year) μmol m-2 s-1 ns ns ns
Soil evaporation (2nd year) mmol m-2 s-1 ** ns ns
* and ** indicate significant differences between treatments at P<0.05 and P<0.01, respectively.
Table 2 -  Effect of soil management technique on shoot extension in 
Acer campestre and Carpinus betulus in the first and second 
years
Shoot growth (cm) Acer campestre Carpinus betulus
Treatment 1 year 2 year 1 year 2 year
Chem. weeding 70.2 b 58.3 b 70.0 b 44.7 b
Tillage 70.0 b 57.5 b 67.0 b 53.4 a
Grass cover 69.6 b 45.5 c 57.1 c 35.6 c
Mulching 86.0 a 72.0 a 74.0 a 54.4 a
Different letters within the same column indicate significant differences 
at P≤ 0.01.
Fig. 1 -  Rainfall from 1 June (day 1) to 31 July (day 61) in 2006 and 
2007 measured in the experimental centre where the research 
was carried out.
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ameter than the other treatments (Table 3); no differences 
in stem diameter were found between species (Table 3). 
There are several reports on how turf or natural grass cover 
decrease plant growth (Garrity and Mercado, 1994; Stork 
and Jerie, 2003; Yao et al., 2005; Chalker-Scott, 2007). 
In the present experiment, natural grass cover decreased 
shoot growth and stem diameter in both the species stud-
ied. Also, Carpinus betulus, whose growth was affected 
both in the first year and second year, is probably a worse 
competitor with turf than Acer campestre. Mulch increased 
growth of both species, and mulched plants had shoot 
growth and stem diameter similar or higher than plants 
grown in tilled soil. Greater plant growth in response to 
mulching has been observed by many authors (Sæbø and 
Ferrini, 2006; Chalker-Scott, 2007; Ferrini et al., 2008). 
Some authors found that mulching decreased growth in 
the first year after application and most of the authors at-
tributed this reduced growth to temporary immobilization 
of soil N due to the high C/N ratio of the mulch (Ferrini 
et al., 2009). The mulch applied in this experiment had 
relatively low C/N ratio (about 30), so no nitrogen immo-
bilization occurred and growth was enhanced even in the 
first year after application, in agreement with that reported 
in previous works (Tilander and Bonzi, 1997; Erhart and 
Hartl, 2003; Sonsteby et al., 2004; Granatstein and Mul-
linix, 2008).
Leaf greenness index was affected by the different 
treatments and species (Table 4). Regardless of the spe-
cies, mulched plants showed higher values than the other 
treatments. The lowest readings were found in W and G 
plants, whereas T plants performed intermediately. Higher 
SPAD readings following low C/N mulch application were 
also found by Granatstein and Mullinix (2008), who found 
a soil N-enrichment due to mulch mineralization. We did 
not consider the effect of management technique on soil 
N, however according to Percival et al. (2008), the higher 
SPAD-reading of M plants may reflect a better nutritional 
status generated by mulch application and its decomposi-
tion. Leaf greenness index was also affected by species, 
with field maple having higher values than hornbeam 
(Table 4). Fv/Fm was affected by soil management tech-
nique but not by species. Fv/Fm measurements of healthy, 
unstressed plants are associated with values ranging from 
0.76 to 0.85 (Percival, 2004; Percival et al., 2006). Regard-
less of the treatment, all plants in this experiment were 
subjected to some degree of stress because of the very low 
rainfall during the summer (Fig. 1), since Fv/Fm values 
were lower than 0.75. In any case, M and T plants had a 
significantly higher Fv/Fm than G plants (Table 4). Fv/Fm 
is very sensitive to oxidative stresses, and to drought stress 
in particular (Angelopulos et al., 1996; Maxwell and John-
son, 2000; Rong-Hua et al., 2006). Thus, the lower SPAD 
and Fv/Fm observed in G plants must be attributed to grass 
competition for nutrients and water.
Leaf gas exchange was affected by soil management 
technique and species (Table 5). In the first year, net as-
similation was higher in M plants than in the other treat-
ments. In the second year, M and T had greater assimilation 
than G and W. Transpiration was not affected by manage-
ment technique in the first year, while in the second year T 
plants had greater transpiration than the other treatments. 
Water Use Efficiency was not affected by soil manage-
ment technique in the first year. In the second year, M and 
W had greater WUE when compared to T and G. Leaf gas 
exchange was also affected by species: hedge maple al-
ways showed higher values than hornbeam (Table 5). A 
significant quadratic relation was found for Acer (P<0.01; 
R2=0.855) and Carpinus (P<0.01; R2=0.298) between leaf 
greenness index and net assimilation (Fig. 2). Leaf green-
ness index has shown to be accurate in predicting leaf N 
content (Follett et al., 1992; Wood et al., 1992). In our ex-
periment, the relationship between SPAD and A was much 
stronger in hedge maple than in hornbeam, suggesting a N 
limitation to photosynthesis in the case of maple and a less 
N-dependant limitation in hornbeam.
Soil temperature was affected by management tech-
nique: in July (second growing season) plots mulched 
with compost were 13°C, 10.8°C and 7.2°C cooler than 
bare soil, tilled and turf plots respectively (Table 6). This is 
consistent with previous works, which found that mulch-
ing is more effective than cover crops and tillage to reduce 
extreme summer temperatures and that, in dry climates, 
mulching can lead to a reduction in soil temperature of up 
to 10°C (Martin and Poultney, 1992; Zhang et al, 2009). 
Table 3 -  Effects of soil management technique and species on stem 
diameter growth in the first and second years
Stem diameter (cm)
1 year 2 year
Effect of different treatments
Chem. weeding 6.5 a 7.5 a
Tillage 6.1 a 7.6 a
Grass cover 5.6 b 6.7 b
Mulching 6.2 a 7.9 a
Effect of species
A. campestre 6.1 7.4
C. betulus 6.1 7. 4
Different letters within the same column indicate significant differences 
at P≤0.01.
Table 4 -  Effects of soil management technique and species on leaf 
greenness index and Fv/Fm in the second year
Greenness Index 
(SPAD) Fv/Fm
Effect of different treatments
Chem. weeding 38.7 c 0.721 ab
Tillage 40.2 b 0.731 a
Grass cover 38.8 c 0.701 b
Mulching 42.3 a 0.743 a
Effect of species
A. campestre 43.0 a 0.728
C. betulus 40.0 b 0.719
Data are the average of two measurement campaigns made in the sec-
ond year. Different letters within the same column indicate significant 
differences at P≤ 0.01.
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The significant reduction in soil temperature contributed to 
create a more favourable environment for root growth: soil 
temperature in mulched plots did not exceed 35°C, which 
is considered the threshold temperature above which root 
growth is hampered and root mortality increases (Coder, 
1996; Fini and Ferrini, 2007). The reduction of soil tem-
perature under mulch is due to the low albedo and thermal 
conductivity of woody mulches (Montague and Kjelgren, 
2004). This finding means that the radiation reaching the 
mulch was not reflected, but the mulch acted as insula-
tion and prevented energy from being conducted to the 
soil. Soil temperature under natural grass cover was lower 
than tilled and bare soil, but higher than mulch. The cover 
crop acted as a barrier which absorbed solar energy and 
shaded soil surface, but it also transpired soil water, reduc-
ing soil water content and, by consequence, its buffering 
capacity (Zhang et al., 2007, 2009). This is confirmed by 
water evaporation from soil (Table 6). Evaporation was 
measured 30 days after the  last rainfall. In the mulched 
plot, the mulch layer was temporary removed and the mea-
surement taken on the soil below. The lowest evaporation 
was found in G plots and the highest value was found in 
M plots. In absence of irrigation and natural rainfall, the 
higher value measured in mulched soil provides further 
confirmation of the effectiveness of mulching to reduce 
evaporation: after 30 days of drought, soil was very dry 
Fig. 2 -  Relationship between leaf greenness index (chl, SPAD-units) 
and net assimilation (A, mmol*m-2*s-1) in Acer campestre and 
Carpinus betulus.
Table 5 -  Effect of soil management technique and species on net assimilation (A, µmol*m-2*s-1), transpiration (E, mmol*m-2*s-1) and Water Use 
Efficiency (WUE, µmol CO
2
/mmol H
2
O). Data are the average of two (the first year) and four (the second year) measurement campaigns
A
(μmol m-2 s-1)
E
(mmol m-2 s-1)
WUE
(μmol CO2/ mmol H2O)
1 year 2 year 1 year 2 year 1 year 2 year
Effect of different treatments
Chem. weeding 8.2 b 6.3 b 2.5 2.0 b 3.6 3.5 a
Tillage 8.4 b 7.5 a 2.5 2.6 a 3.8 2.9 b
Grass cover 7.7 b 6.3 b 2.2 2.1 b 3.8 3.1 b
Mulching 9.3 a 7.5 a 2.5 2.0 b 4.0 3.7 a
Effect of species
A. campestre 10.3 a 8.3 a 2.9 a 2.4 a 3.8 3.6 a
C. betulus 6.5 b 5.5 b 1.9 b 1.9 b 3.7 2.9 b
Different letters within the same column and factor indicate significant differences at P<0.01.
Table 6 -  Effect of the different treatments on soil temperature (mea-
sured 10 cm below soil level), soil evaporation (measured 
5 cm below soil level), and soil respiration (measured 5 cm 
below soil level). Data are the average of two measurement 
campaigns made in the second year
Treatment
Soil
temperature
(°C)
Soil evaporation
(mmol m-2 s-1)
Soil respiration
(µmol m-2 s-1)
Chem. weeding 43.4 a 28.0 b 0.3
Tillage 41.2 a 29.7 b 0.4
Grass cover 37.6 b 18.3 c 0.3
Mulching 30.4 c 94.2 a 0.5
Different letters within the same column indicate significant differences 
at P≤ 0.01.
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in treatments G, W and T and no further evaporation was 
possible. On the contrary, moisture was still available un-
der the mulch so that, after mulch removal, evaporation 
was higher than in the other treatments. Soil respiration 
was somewhat higher in M and T plots, but differences 
were not significant (P=0.172).
Most of the parameters measured showed that plants 
performed better when mulching was used and there are 
probably multiple causes which determined these results. 
The effect of mulching in reducing soil temperature which 
can allow a higher root growth is probably the most im-
portant under the conditions of this study, also because it 
might have prevented dehydration. Compost mineraliza-
tion might also have increased soil nutrient content. These 
effects could have allowed a greater root growth and, as a 
consequence, greater water and nutrients absorption. Un-
fortunately we did not analyze the soil and this might be a 
potential shortcoming of this research.
4. Conclusions
The use of compost as mulching material had great im-
pact on plant growth and physiology. In agreement with the 
results obtained in a previous work (Ferrini et al., 2008), 
the present study confirms that mulching with compost is a 
useful practice to improve plant growth, leaf gas exchange 
and leaf chlorophyll content. Positive effects of organic 
mulching on soil organic matter, soil water holding capac-
ity and weed suppression have already been revealed in 
previous works (Sæbø and Ferrini, 2006; Chalker-Scott, 
2007; Granatstein and Mullinix, 2008; Mulumba and Lal, 
2008). The present investigation provides the evidence 
that mulching also has positive effects on plant growth 
and physiology, comparable or even superior to tillage. 
Despite being inexpensive and very effective in weed con-
trol, the use of chemical herbicides reduced shoot growth 
and gas exchange when compared to mulching. An even 
greater reduction in growth and carbon assimilation and a 
significant increase of oxidative stress on PSII was found 
in plants growing with natural grass cover, mechanically 
cut twice per year. Considering that mulching is cheaper 
than tillage and mechanical weeding (Zhang et al., 2009), 
it can be considered an environmentally-friendly and sus-
tainable alternative for managing plants in the forest, in the 
nursery and in the urban environment.
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